Objetivo: Avaliar o efeito do glide path no transporte promovido por instrumentos fabricados em NiTi e M-Wire. Material e Métodos: Sessenta blocos de resina poliéster contendo um canal simulado foram separados em quatro grupos (n=15), de acordo com os protocolos/ sistemas utilizados para realização do preparo: Grupo GPR -glide path + sistema Revo-S; Grupo R -sem glide path + sistema Revo-S; Grupo GPPN -glide path + sistema ProTaper Next e Grupo PN -sem glide path + sistema ProTaper Next. Os canais foram fotografados antes e após o preparo, e as imagens sobrepostas para avaliação do transporte nos terços apical, médio e cervical. O tempo para realização do preparo também foi mensurado (segundos). Os dados foram submetidos ao teste não-paramétrico de Kruskal-Wallis (p<0,05) para análise estatística. Resultados: No terço apical não houve diferença significante entre os grupos (p>0,05). Os grupos GPR e R foram semelhantes no terço médio (p>0,05), entretanto, o transporte no grupo GPR foi estatisticamente maior em comparação aos grupos GPPN e P (p<0,05). No terço cervical, os grupos GPR e R foram semelhantes (p>0,05). Somente o grupo R apresentou diferença em comparação aos grupos GPPN e PN (p<0,05). Não houve diferença entre os grupos em relação ao tempo (p>0,05). Conclusão: Nenhum sistema foi capaz de manter a trajetória original do canal simulado, e o glide path não teve efeito sobre o transporte promovido pelos instrumentos.
INTRoDuCTIoN

B
iomechanical preparation is one of the most critical stages of endodontic therapy [1] . The anatomic complexity of root canals makes this procedure a constant challenge to professionals, despite the advances obtained over the last few years with the development of new instrumentation systems and techniques [2] .
Atretic root canals and those with severe curvature degrees favor the appearance of undesirable accidents during the operating procedures [3, 4] . NiTi instruments have emerged as an alternative for reducing the incident of such accidents, since their mechanical characteristics, as high flexibility and elasticity, facilitate root canals preparation [5] .
New systems for biomechanical preparation, such as those manufactured with M-Wire technology, have increased the flexibility and resistance to cyclic and torsional fatigue of instruments, in comparison with the conventional NiTi instruments [6] . M-Wire instruments undergo a thermomechanical treatment, in which the martensistic phase of the NiTi alloy is transformed into the austenitic phase, followed by reversion to martensitic phase after stress removal [6] . This manufacturing process gives to the instruments superelasticity, allowing preparation of root canals of different anatomical complexities [6] .
Rotary systems that use a reduced number of instruments, such as Revo-S (MicroMega, Besançon, France) and ProTaper Next (Dentsply/Maillefer, Ballaigues, Switzerland) -fabricated of conventional NiTi and M-Wire, respectively, are available on the market [7] . The primary purpose of these systems is to simplify endodontic treatment since few instruments are required to perform root canal preparation [7] . However, due to the reduced number of instruments used, a proper glide path must be created before rotary instruments action, to ensure their free advance along the entire length of the root canal [8] [9] [10] .
Therefore, the objective of this study was to evaluate the effect of the glide path creation on transportation promoted by NiTi (Revo-S) and M-Wire (ProTaper Next) instruments in the cervical, middle and apical thirds of simulated root canals. The null hypothesis tested was that the glide path created would not interfere with the performance of the rotary system.
meThoDs AND mATeRIAls
Sixty transparent polyester resin blocks containing a simulated root canal (IM do Brasil Ltda. São Paulo, SP, Brazil), measuring 16-mm long, with a 30° angle of curvature and a 3-mm radius of curvature, were used in this study ( Figure 1) . A size 10 K-file (Dentsply/ Maillefer) was introduced in the simulated root canal to determine the working length, which it was standardized at 15 mm. Next, the simulated root canals were randomly distributed into four groups (n=15), according to the systems and protocols used to perform biomechanical preparation.
• Group GPR: glide path creation with sizes 10 and 15 K-files (Dentsply/ Maillefer) up to the working length, followed by preparation with Revo-S system, according to the manufacturer's instructionsinstruments SC1 (0.25/0.06) at 2/3 of working length, SC2 (0.25/0.04) and SU (0.25/0.06) up to the working length. SC1 was used in a slow-downward movement, with no apical pressure. SC2 was used in progressive 3-wave movements (back-and-forth); and SU was used as SC1 instrument. The instruments were coupled to a 6:1 handpiece device (VDW Silver Reciproc, Sirona Dental Systems GmbH, Bensheim, Germany), driven by an electric motor (VDW Silver Reciproc Motor, Sirona Dental Systems), at 300 rpm and torque of 0.8 N.cm, in accordance with the manufacturer's recommendation.
• Group R: no glide path creation. The simulated root canals were prepared as described in Group 1.
• Group GPPN: glide path creation with sizes 10 and 15 K-files (Dentsply/Maillefer) up to the working length, followed by preparation with ProTaper Next system, according to the manufacturer's instructions -instruments X1 (0.17/0.04) and X2 (0.25/0.06) up to the working length. X1 and X2 instruments were used gently, with backand-forth movements, until the working length was reached. They were coupled to a 6:1 handpiece device (VDW Silver Reciproc), driven by an electric motor (VDW Silver Reciproc Motor), at 250 rpm, as recommended by the manufacturer.
• Group PN: no glide path creation.
The simulated root canals were prepared as described in Group 3.
After each insertion of the instruments, they were removed from the simulated root canals and cleaned with sterile gauze. The irrigation was performed with 2 mL of 2.5% sodium hypochlorite solution (Rio Química, São José do Rio Preto, SP, Brazil) at each advance and removal of the instruments within the root canal. For this purpose, a disposable plastic syringe (EndoEze, Ultradent Products Inc., South Jordan, UT, USA) with a 29-gauge needle (0.29 mm) (NaviTip, Ultradent Products Inc.) was used. At the end of the root canal preparation, the excess of sodium hypochlorite solution was aspired entirely (CapillaryTip, Utradent Products Inc.) from the simulated root canals. A new set of instruments (K-files, Revo-S, and ProTaper Next system) was used after performing the preparation of five simulated root canals. All the procedures described above were performed by only one operator, a specialist in endodontics, and previously calibrated in a pilot study.
The time required for the instruments of the different groups to attain the working length was recorded with the aid of an electronic digital stopwatch (Oregon Scientific -Sl928m, Portland, OR, USA) and expressed in seconds (s). The time required to perform the irrigation and use of manual instruments to create the glide path was not considered.
To analyze transportation, the polyester resin blocks were photographed (Canon EOS D600, Lake Success, NY, USA). To standardize the images before and after preparation, the resin blocks were coupled to a polystyrene platform that kept them at the same position. The initial and final images were then colored in blue and red, respectively, and superimposed on each other (Figure 2a) . The distance between the external and internal wall of the instrumented root canal up to the original canal was measured with the aid of the ImageJ software (https://imagej.nih.gov/ij) ( Figure 2b) ; and the values considered were obtained at 3 (apical third), 5 (middle third) and 7 mm (coronal third) up to the root apex [11, 12] . The transportation calculation was performed by using the following equation:
Where Fi represented the wear on the internal surface of the simulated root canal, and Fe, the wear on its external surface. The images were analyzed blindly, by only one examiner, which was properly calibrated before images acquisition in a pilot study.
Data were submitted to test of normality (Kolmogorov & Smirnov test), and then, they were statistically analyzed (Kruskal-Wallis, p<0.05 -apical transportation and time to perform biomechanical preparation) using the GraphPad InStat for Windows 8 software (GraphPad Software, La Jolla, CA, USA). The statistical difference among groups was considered when p<0.05. 
ResulTs
The graphic representation of the transportation mean values, and time required to perform preparation may be visualized in Figure  3 . There was no statistically significant difference among groups at the apical third (p>0.05) (Figure  3a) . At the middle third, there was no statistically significant difference between GPR and R groups (p>0.05). However, GPR group presented transportation values statistically higher in comparison with GPPN and PN groups (p<0.05), which were similar between them (p>0.05) 
DIsCussIoN
The present study aimed to evaluate the effect of glide path creation on transportation promoted by instruments fabricated of NiTi and M-Wire, at the different thirds of simulated root canals. According to the results obtained, the authors could confirm that the null hypothesis tested was accepted, as glide path creation before instruments uses did not interfere with their performance, irrespective of the system tested.
The sample standardization is extremely difficult to achieve using extracted human teeth. Therefore, the use of simulated root canals in clear resin blocks to evaluate the performance of endodontic instruments pre-and postinstrumentation has several advantages in comparison with methods that use natural teeth [13, 14] . Direct visualization of the instruments action and changes that possibly occurred in the original trajectory of the canal, due to the block transparency, are crucial factors that must be taken into consideration [13, 14] . The standardization of fundamental anatomic characteristics of the root canal, such as taper, length, and angle of curvature are also relevant factors [13, 14] . However, the use of simulated root canals in polyester resin blocks has some negative features, as the significant difference in microhardness in comparison with the dentin substrate, and the heat generated during instruments action, which may alter the physical properties of the polyester resin, compromising the performance of the instrument [15] .
One of the main advantages of the systems developed over the last few years is the use of a reduced number of instruments for root canal preparation [16] . However, several studies have demonstrated that an excessive load of stress and compression forces is exerted on these instruments, leading to their premature fracture [16, 17] . For this reason, the creation of a proper glide path; an initial flaring of the entire root canal length -from the coronal to the apical third -must be performed, ensuring that the (Figure 3b) . At the coronal third (Figure 3c ), GPR and R groups presented statistically similar values (p>0.05). Only R group had a significant difference in comparison with GPPN and PN groups (p<0.05). There was no significant difference (p>0.05) among groups about the time spent to perform preparation of the simulated root canals (Figure 3d ). instrument will passively go through the entire root canal working length [8, 9] .
Glide path creation before root canal preparation continues to be a controversial topic in endodontics [18] . Studies have demonstrated the need of a proper glide path to allow the free advance of the instruments into the root canal, without being submitted to unnecessary stress, making root canal preparation a safer procedure, particularly in curved canals [5, 10] . On the other hand, studies have reported that glide path creation is not necessary, particularly when single-instrument systems are used [8, 9] .
In this study, two different systems were tested. Both were capable of performing root canal preparation with a reduced number of instruments [7] . However, the main difference between these systems was the alloy of which they were manufactured [7] . The Revo-S system was manufactured of conventional NiTi, while the ProTaper Next system was manufactured with M-Wire technology, which ensures greater flexibility of the instruments, and consequently, a higher level of resistance to cyclic and torsion fatigue [19] .
It was demonstrated in the present study that glide path creation did not affect the performance of both systems. However, when the systems were compared with each other, GPPN group (glide path + ProTaper Next) had significantly higher transportation in the middle third, in comparison with the Revo-S system groups. Conversely, in the coronal third, R group (no glide path + Revo-S) presented higher transportation value than the ProTaper Next system groups.
Berutti et al. [20] have reported that glide path creation facilitated the action of the instrument at the most curved portion of the root canal, reducing the change in its original trajectory significantly. In the simulated root canals used in this study, the portion with the greatest curvature was located at the apical third. However, where the authors expected that the instruments would find the greatest difficulty, both systems presented similar performance, irrespective of the creation of a glide path. It is also valid to state that the transportation values observed in the present study were lower than 0.300 mm. According to Fan et al. [21] , transportation is clinically irrelevant in this situation.
Although the ProTaper Next system was manufactured of an alloy that ensures greater flexibility to the instruments, both systems tested had a similar cross-section [19] . The asymmetrical section provides a spiraling movement to the instruments, facilitating their penetration into the root canal, and promoting a similar shaping capacity [19] . Therefore, it could be emphasized that such factors also play a relevant role in maintaining the original trajectory of the simulated root canals, irrespective of preflaring before preparation; and despite the differences observed in the coronal and middle thirds.
The same could be said about the time required for performing preparation of the simulated root canals. Although Revo-S system uses one instrument more than the ProTaper Next system to perform preparation [19] , this fact did not affect the time required for preparation, demonstrating the similar shaping ability of both systems.
CoNClusIoN
According to the methods used in this in vitro study, the authors could affirm that none of the tested systems was capable of maintaining the original trajectory of the simulated root canals in any of the root thirds evaluated. Also, glide path creation before root canal preparation did not affect transportation promoted by the instruments.
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